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ABSTRACT 

Recently, a number of studies have reported a high 
correlation between the supposedly separate traits described as 
integrated science process skills and forbial reasoning ability. The 
implication has been that these two constructs are different but 
related. Further implications have been made that a treatment to 
enhance one "trait" might influence the other as a result of some 
cause-effect relationship. This study measured these two attributes 
using different instruaients to assess their discriminant and 
convergent validity. The instruments used were the Classroom Test of 
Formal Operations (Lawson) and the Group Assessment of Logical 
Thinking (GALT) to measure formal reasoning, the Test of Integrated 
Process Skills (TIPS II) and the Process Skills of Science Test (PSS) 
to measure integrated science process skills. Results indicate that 
the two traits share more variance than expected and that they may 
not comprise distinctly different traits. A factor analysis was 
performed on subtest intercorrelations to examine which, if any, 
subf actors on the two constructs overlapped. Overlap was indicated 
for the subfactors of controlling variables, probabilistic reasoning, 
and combinatorial reasoning. (Author/JN) 
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Recent papers (Tobin and Capie, 1982; Dillashaw and Okey, 1980) have indicated 
a high correlation {0.71 Pearson r) between integrated science process skills as 
defined by the American Association for the Advancenent of Science (AAAS, 1967) and 
forn^al reasoning ability as measured by pencil and paper versions of the Plagetian 
interview. One paper (Padilla, Okey and Dillashaw, 1933) called for Investigation 
of a cause-effect relationship between Integrated science process skills and formal 
reasoning ability. A more recent study (PadMla, Okey and Oarrard, 198^) searched 
for effects on integrated science process skills and formal reasoning ability 
resulting from the same treatment. fk> measurable effect on formal reasoning 
ability was detected, despite significant gains in process skills. 

It would seem reasonable to consider whether integrated science process skills 
and formal reasoning ability are separate traits, or perhaps manifestations of 
some third trait such as general intellect. If they are indeed separate traits, 
the consistent high correlation between them has implications for science teaching 
oric. Curriculum design. If by enhancing one through effective teaching, the 
related irait is acquired to a measurably greater degree, then efforts to 
■'-ari:.. ute :eac.^i-a stales, inquiry activities, a^'d learning nodes .-.rich adi^ance 
t^e driver' trait tvould be warranted. 

H , ve.tr, if t-e l^^o traits are to a large extent one and the sa-ic, tr^e- 
i-^'for:- I: co'<r-_c! C3usc-cf f *.c t rc la: io"- r - ^MC^ui:- r-ct tt- ^--j wjiecj. 
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One implicdtion might be that both may be caused by some third attribute which 
should be studied or manipulated. Methods now used to enhance formal reasoning 
might then be equally applicable for promoting science process skills, and vice 
versa* Research directions v^uld be altered by this finding. 

Review of Related Research 
Lawson (1978) reported finding three principal factors when his test of 
formal reasoning was subjected to pr inci pal -^component analysis. These three 
factors accounted for 66% of the total variance. Test items involving 
proportions, control of variables, combinational reasoning and probability 
loaded heavily on the same factor. He identified this factor as ^'formal 
reasoning", a second factor as ''early formal reasoning'', and a third as "concrete" 
reasoning". From this he concluded that his test had factorial validity. 

Roadrangka, Yeany and Padilla (1983) found low to moderate (.30 to .70) 
intarcorrelat ions among six subfactors of their Group Assessment of logical 
Thinktpg test. Their factor analysis identified a tw^o-factor solution, with 
conservation of mass items loading on one factor and all others loading on a 
single primary factor, indicating that separate scores for the six subfactors 
na/ not be warranted. It nay also indicate the absence of separate Swbtraits 
of logical thinking. 

Lawson and Snitgen (1982) reported that formal reasoning among preservice 
elenentary teachers could be enhanced by a one-Sff^ester biology course which 
c": j:> ; zed dcwe 1 opf*e.'^ t of ^or^al reasoning strategies. No specific science 
;^^•."^t'v .%c're e." i 2: eJ i t^'eir trejtrcPi. T^^ev fo^^d e^ld^'Cv of a 

' p .c^j loq i 1 set" in how [ndivid^ais visualize and respond to a rrooler 
sit^tjll'^n r cv,^ i f^^'^ol r ca SO '^g . T^tre ^*a:y llttU evidence of transfer 
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Padilla, Okey and Dillashaw (1963) examined integrated science process 
skills Bnd fonnal thinking abriities of 500 middle and high school students. They 
reported a correlation of .73 between the two traits. However, their factor 
analysis of the scores found that one common factor accounted for 37,^1 of total 
variation In scores. They fourxi that each subtest of both the process skills 
and logical thinking tests correlated from .50 to .71 with the single factor. 
They concluded that ''the fact that a single factor was identified to which all 
subtests of logical thinking and process skill tests contribute is strong 
evidence for a common underlying construct," 

Padilla^ Okey and (iarrard (1984) used a irodel for generating integrated 
science process skills as a treatment for 6th and 8th grade students over a lA- 
week period. The model involved seven steps as follows: 

1) The teacner poses a question which can be investigated; 

2) Students form several appropriate hypotheses; 

3/ Students Identify variables using brainstroming techniques; 

k) Manipula,ted and responding variables are selected and operationally 

defined^ along with methods of control; 
S] Students design the experiment and construct a table for data; 
6? Z'^:.^z.> stjvicrts co-d^ct tf-.e experiment; 

7) Students organize the data and make generalizations to test the 

original hypotheses and/or reach tentative conclusions. 

Tney excTined Dot h integrated process skills and logical t^^^^i^r- after 
ire«2t"e^:, a"d found no significant changes in logical tnJnking due to the 
■.r.j* c't. 6t^' Cyradcrs showed r.o s i g^^. I f ; cant proct^S'^ ^kMI c-anqes, 

8t'^ 'irodr. -^t'<fCis stcj^f^d ^iqnifica^* gains. The/ concluded t^^it "Either 
; : - ' 1 i I t i not ^ 'ea^^ of i nf I w'.-"^c Inq q^'c*.!*^ i lo^icjl 

t*^. t"t pcrioO of live devcttrd to t^aC pursuit "i. > t tc extrf^deC bt-^ore 

^1 c : a' t' v\ ide-^t 
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Yeany, Yap and Pad Mia (1984) searched for hierarchical relationships among 
formal reasoning ability and integrated science process skills using task 
analysis. This method involved identifying a terminal skill and Morking backward 
through levels of prerequisite skills learners must have in order to achieve the 
terminal skill. Subjects were 7^1 high schoot science students in grades 7 to 
12. They concluded that the skills of combinatorial reasoning, conservation 
reasoning and designing experiments form the base of a hierarchy of skills. 
Subjects who have mastered these base skills are more likely to master higher 
skills. Their model combines all of the formal reasoning ability skills with 
aii of the integrated science process skills into a single tree structure. At 
the top of their model are identifying variables and correlational reasoning, 
both of which supposedly require all the prerequisite skills beneath. Their 
effort made no attempt to isolate the skills into separate traits. 

Procedure 

There is a statistical method for examinino the independence 
of two or more traits, provided at least two separate test instruments can be 
found to measure each trait (Campbell and Fiske, - 3). The process involves 
zesting each trait by separate methods and then comparing the correlations 
between different measures of the same trait with correlations of (a) different 
traits Pleasured by t^e same -nethod, and (b) different traits 'neasured by different 
-et^^i'ds. Tne result ' is a jl t i tra i t-ru 1 1 i^^et^od -matrix, in which corbJstently 
^'ic--r correlations should be obtained . ' ; ? the sa^e trait is measured bv 
t*^e save metN:)d. than when (b) the sane trait is measured by different rethods, 

-'.ntr- Ic) J'ffere^t traits are "easu^ed b, t^^e r^a-^e -cihod. than v,' (d) 

:'**crt:'* trails art: ^'3 -urird tf U I f ''ti: f er. t -•.I'^'J'^- 
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Two independent tests of the MAS (1967) science process skills were located. 
One was produced by researchers at the University of Georgia (Dlllashaw and Okey, 
1980), and the other by a doctoral student at the University of Connecticut 
(Burns, 1972). Similarly, two independent tests of fonnal reasoning ability 
were obtained. One of these was developed at the University of Georgia 
(Roadrangka. Yeany and Padilla, 1983); the other was produced by Dr. Anton 
Lawson (Lawson, 1978)* 

Fifty-four subjects from three educational psychology classes for 
preservice elementary education majors volunteered to take all four tests 
in tMO sittings. The two Georgia tests (Oillashdw and Okey, 1980; Roadrangka, 
vcany and Padilla, 1983) were given in one sitting in an attenpt to replicate 
the reported correlations between integrated science process skills and 
formal reasoning ability. After one week the other two tests (Burns, 1972; 
Lawson, 1978) were given in one sitting* No Intervening treatment was 
/ provided, and none of the subjects were taking a science methods course. 

Table 1 describes the four tests used to establish the multitrait- 
mul t itest matrix. 

fnse»'t Table 1 about ^e^^e 

The subfactors of the two tests measuring fornal reasoning are identical 
eKcepi that the GAlT te^t (Roadrangka, Yeany ar^d Padilld. 1583) ^dd*> conservation 
to the basic five s^ubfactors: controlling variables, con*j 1 nat ional reasoning, 

^rrelat lor^al rea>onincj, probabilistic reaionlrg, and proportional reasoning. 
The integral science process skill subfactors, are: controlling variables. 
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interpreting data^ fonmilatfng hypotheses^ defining operationally^ and 
experimenting. Both traits share the subf actor controlling variables. 

The first step in the mul titrait'^ultitest procedure was to obtain 
published test*retest reliabilities of the four tests for the same trait* 
same method correlation. Since test-retest reliabilities use the same method 
to measure a single trait, they were expected to be higher than correlations 
involving the same trait measured by different metlK>ds, different traits 
measured by the «iame method, and different traits measured by different methods* 

Next, the same trait-different method correlations were examined. 
These correlations were obtained by correlating the same trait measured 
by two different methods. If the same trait-different method correlations 
are hioh and sinnificant from zero, the traits are said to possess 
convergent validity, since both tests converge to produced high correlation 
irrespective of method. 

Discriminant validity was examined with two additional comoar (sons. First, 
the correlation between the sane trait measured w;i th different methods was 
compared with the correlation between different traits measured with the same 
nethod. If a trait possesses discriminant validity, the former correlation will 
be higher than the latter, since the same trait, even though measured by 
different methods, should have nore in cortnon than differe-^t traits that happen 
to er.plov t^»e sane n^ethod- Lastly, the sa'^e tra i t -d i f f erent rretrcd correlations 
w^fre cctr^pared r/it^ the dif^ere*^t t rai t i e^ent ^eihod cor rela t lo'^*^ . Here t^e 
differer.ce bet/-cen t^e t*^ sets of correlations shojid be even larger thar in 
:;rty\^f^^ co'^ Tti r i son , since '"■e'ther faiv nc»r '^-ei'^.ods are in co'-rK.- . 
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Results 

A sunnary table of test results fs shown in lable 2. Table 3 shows the 
multltrait-inul titest matrix resulting from the i ntercorrelat ions among the four 
tests. 



Insert Table 2 and Table 3 about here 



Although different trait -same method correlations could not be obtained 
with these tests, it can be noted that the same tra i t-d i f f ercnt test correlation 
with the TIPS II and P5ST measures (.62) is identical to the different trait- 
different test correlation with the TiPS II and GALT measures (.62). The reason 
why the correlation between different traits measured by two different tests 
would be as high as the correlation between the same trait measured by tvo 
different tests is of interest. One interpretation is that the correlation 
between the TIPS M test of process skills and the GALT test of formal reasoning 
wos inflated by the similarity in testing format. The traits being neasured 
bv the TIPS II and GALT tests both use a multiple choice fonnat (see Table I), 
which may have contributed to their shared variance. This may account for the 
poor discr?ninant validity for the integrated science process skills trait. 

Aiotner Indication of the possible susceptibility of the GALT and TIPS II 
scores *o variance due to testing method cof^^es from the correlation between the 
Larson test of formal reasoning and the PSST test of integrated science process 
s-Ills. Contrd'. to tne TIPS It and GALT, ..' Ic^ use alriost identical forrats, 
t-t' Lj .-.'J" test jbC", a videotape- fort-at while t^e PSST uses a paper a"d pencil 
formal. Tne different tra i t-d ! f f erent le^t correlation bet*«een Lawscn and 
p:ST ,.a^ .S2 (different fcrr.^ts), i 1 e the different t rai t -d i ff erent test 
corfeljli^^ btrt-.e-e'^ t^v GALT a^^d TIPS M wdb .i2 (si'^ilar for^at^) T^ i s 

ERIC ° 
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difference suggests that shared variance between the CALT and TIPS II could 

have been d*ie to a similar testing format or "method." 

The high correlation between the TIPS II and the GALT tests might also be 

the result of a cofimon philosophical and/or theoretical orientation among test 

authors. Both tests, although authored by different sets of individuals, were 

constructed by science educators working within the same research environment. 

A particular orientation to science education operating within this environment 

could have lessened the theoretical distinctions between test development 

projects . 

It is interesting to note that the multitrait-mul titest data do not indij;*te 
similar discriminant validity problem for the Lawson and PSST tests. These tests 
did not employ similar formats and were not developed by individuals working 
within the same professional context. The different trait-different test 
correlation between the Lawson test of formal reasoning and the PSST test of 
integrated science process skills was .52, while the sane trait-different test 
correlation between the GALT test of formal reasoning and the Lawson lest of 
formal reasoning was .65. The difference here is in the expected direction, 
indicating good discriminant validity. 

7rte next step in stuOying tne relatiorsnip bet*veen integratea ^>cience 
process skills and for'^al redboning, would he to perfom a factor analysis 
on the subscale scores of the TIPS II and GALT tests. This analysis could 
deterrine if the five subfactors of the TIPS II, -.easuring integrated scierce 
proce s skills, load on one factor and the five factors of the GALT, 
r.easjrir^ fomal reasoning, on another factor. The size of the data ba^»e 
for f.c rr.:?st'^t <.tud-. ^-O'-ever, v^ai. insuffJcieit for such an ar^alfsis to be 
; .-r fi.,*- • J . Tf-.f autv'. I'otfd f c other data i>ase'. Of /.hic'^ -such an a'.'>I.'>iN 
ecu Id t>e :>t'rfor-ed. ^ piper t, P.oadran^i.a , Year^ and Pad ilia (1 5c3 ) rejorted 
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intercorrelations among subscales of the GALT (N»628, grades 6 through college 
level science methods) and between subscales of the GALT end TIPS 
grades 6 and 8). it did not, however, provide intercorrelations among subscales 
of the TIPS II which would be needed before a factor analysis could be performed 

The authors then located a third unpublished data base providing the raw 
data from which the third set of intercorrelations could be obtained. This 
study was conducted for the Austin, Texas Independent School District, which 
obtained data from 506 high school studi-.ts who took the TIPS II as part of a 
curriculum evaluation project during the spring of 198^. 

All three sets of correlations together provided the opportunity to 
factor analyze the subscale scores of the TIPS 11 and GALT to deternin»» if any 
overlap existed in the subconstructs they measured. The factor analysis was 
initiated with the intercorrelations provided by these three data bases. 
The intercorrelations anonq the ten subscales (5 each from TIPS and GALT) 
appear in Table ^. The Kaiser Var inax rotated factor loadinqs appear in 
Table 5. 



Insert Tables k and 5 about here 



Two factors were extracted with eioenvalues greater than 1.0. Factor I 
was identified as integrated science process skills, since all five of the 
TIPS II sutfactor*. loaded on it. Conversely, factor 2 was identified a^ for-.al 
redsonio:}, bince four of the GALT subfactori loaded on it. I ntcest 5 nq 1 , . 
t^rc•f of t^f sub'jcales o*" fie &«lT al>o ^ad iuOs:antial loadinc. on the 
irtegrated t.ciencc process skills subfactor. The fo rr^ I reasoning subf actor 
of conrollina varia:;lcs actuail/ loaded hioHcr on t*^f i nte'^raf «»d scie'^cr process 
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reasonir^ «nd combtrMtional reasoning had lower but still substantial loadings 
on the integrated science process slcllts factor. These results Indicate overlap 
between integrated science process skills and formal reasoning with regard to 
controlling variables, probabilistic reasoning and combinational reasoning, which 
could account for the high correlation among total test scores for integrated 
science process skills and formal reasoning (Tc^in and Capie, 1982; Oillashaw 
and Okey, I98O). All of the remaining subfactors loaded substantially on 
their respective factors and only negligibly on the opposite factor, providing 
evidence for their construct validity. Moreover, the designing an experiment 
subfactor appeared to be exclusively devoted to integrated science process 

skills, white the correlational reasonira} subfactor appeared to be exciusivelv 

devoted to formal reasoning. 

An interesting secondary finding of this study was the absence of any 

significant correlation between the number of science courses taken and 

integrated science process skills. Pearson revalues for number of college 

science courses with TIPS M scores was -.07. Correlat ion of total (high school 

plus college) science courses (which ranged from 1 to 13. with an average of 

k.6) was -.05. Neither relationship was significant. 

Discussion 

This study cast^ sor.e doubt on the orthogonality of integrated science 
process skills and forn^al reasoning ability. For the TIPS II and GALT and the 
PSST and Larson tests, the percent of shared variance was 27 and 38 respectively, 
i.-dicating a -oderate degree of overlap between Integrated science process 
:>ki)l5 and forral reasoning abilit,^. On^ inp I Icat Ion of this finding is that 
r ica'-cners shou id cautious in suggesting a cause and effect relatior^hl;. 
oel.vtfen iniegraied scitrce ;.rocess skill, and for-.a! rea^or^ing abilitv, =.if^ce 
the two traits nay to sor^e extent represent t^e sare construct. The construct 
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of formal reasoning ability arose from the field of developmental psychology, 
whereas integrated science process skills had its origin in the science 
education literature. It is conceivable that the same or similar construct 
has-been independently articulated by two different disciplines. This seems 
to be borne owe in part by the similarity of test items commonly associated 
with each construct* For example, some of the GALT items intended to measure 
formal reasoning ere suggestive of items In TIPS II intended to measure 
integrated science process skills, and vice versa* For the TIPS 11 and GALT 
this may have led to the high degree of overlap between them. Although a 
rigorous content analysis of these and other tests of formal reasoning and 
integrated science process skills is called for, it seerns possible that 
measures of integrated science process skills may also measure formal reasoning 
by virtue of the fact that tests of integrated science process skills may require 
the subject to perform at least some integrative tasks th^t are comnpnly 
associated wi^h formal reasoning* A content analysis might shc^ that these 
integrative tasks are embedded mainly In the three* factors, controlling variables^ 
probabilistic reasoning and cc^'^bi nat ional reasoning, which were found to be 
conr^on to both integrated science process skills and formd reasoning. 

A furiru-r finding from tnii> study ^ati tnat ^coreb cn at lea^t t*^ of the 
tests exa'^ined, the TIPS M and GALT, may be susceptable to influence by the 
method of nreabu rcnent they employ. One interoreta t ion of the high correlation 
between scores on these two tests is that scores on both seened to be unifornly 
rnfluenced by the nultiple choice fonnat they used. Ca**-pbeM and Fiske {15S9) 
have referred to this type of influence as *'nethod variance" and consider It 
a r-ial-^r c^^jse of dl sc rifni nant validity problems in test^ of ps rCholoq ical 
iLiiir present study ^htrn irtcgrated science process skill- a'^d 

fcr-^til . .ing ability ^er e -^easu red us I ng tests witn different testinq 

EMC 12 . ' 
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formats, the percent of shared variance between the measures decreased and ^ 
the test data for formal reasoning abftity met the standard for discriminant 
validity set forth by Campbell and FIske. 

While ooth fornial reasoning ability and integrated science process skills 
rental n important (and apparently manipu latable) variables for research^ such impor- 
tance may not be enhanced by implications of cause^effect relationships. At this 
time there is not strong evidence that the two traits originate separately* Until 
such evidence is fout^p researchers should be cautious in suggesting the indepeo'* 
dence of these traits. To imply that there is something manifestly important for 
researchers about correlations betv^en these two traits may be similar to 
implying significance to the geometric fact that circles and ellipses, each 
with the same major diameter^ have similar areas. The two shapes share common 
traits ause they result from moving a point around a single a^is. Although 
each geaiietric form is important » their coivinon traits are hardly remarkable. 

There seems to be no relationship between the rnjmber of science courses 
CO* pleted and integrated science process skills as measured by TIPS II for the 
sample population. This implies that science courses taken by subjects in this 
study do not enhance such skills. Perhaps content, rather than process is the 
nature of survey courses*-the kind most likely to be taken by elenentary 
education rsajors. 

Future ret»earch should focus on effective means to enhance those reasoning 
Skills considered essential for the processes of science. Skill defJr^'ttons 

-^t-c::^ to be recces idtrcd !n light of the findings d ted above. 0;M.rat ional 
dc^\-:i\o-'^ fcr targeted .>ubskllls should be based on what can be reHafclv 
pleasured. But care^nust be taken to restrict implications of correlations 
^i^C'-^^ d\ jrc- traits. The dona i r of hu'^an intelligence Is often rore coriph^ 
t * -tasurir^M i s t r^/ 'Cn ts and lateli'^i; experience. 
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Table 1: Descriptions of the Four Tests 



FORMAL REASONING 



Name: 



Source: 



Classroom Test of 

Forma] Operations (Lawson) 

Anton E. Lawson (1978) 



Group Assessment of Logical 
Thinking (GALT) 

Road rang ka^ Yeany and 
Pad! 11a (1983) 



Number of 
Questions: 



15 



21 



Question Type; 



Scor ing : 



Video den^>nstrat ion 
choice followed by 
written response. 



3, ^, & 5 response 
multiple wi th 
pictoral format* 



To be scored correct, items on both tests must have 
correct response PLUS a correct reason for that 
response* 



INTEGRATED SCIENCE PROCESS SKILLS: 



Name: 
Source : 



Test of Integrated 
Process Ski lis (TIPS II) 

Dii lashaw and Okey 
(1980, revised in 1982) 



Process Skills of Science 
Test (PSS) 

Burns (1972) 



Ntr^ber of 
Quest ions 



36 



k8 



Question Type: ^-response multiple 

ChC iC£ 



5-response multiple 

Choi cc 



Scor i ng: 



Raw scores ^ number of correct responses 
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TabU 2: Descriptive Statist Icf for the Four Tests (N»5^) 



Nunber 



of Hean 

Test Items Score 

T.I.P.S. 36 27.26 

P.S.S.T. ii8 21.81 

G.A.L.T. 21 12.77 

Lawson L.T. 15 10.71 



Standard Lowest Highest 

Deviation Score Score 

^.8^» 15 35 

5.92 10 3^ 

i».51 6 21 

2.82 ^» 15 



Tjblc 3: A Multiltjil-Multitest Matrix (N-54) 



T.I.P.S. II 

(sc i t»nce 
process ski II s) 



G.A.L.T. 

(foriral 
rea soning) 



P.S.5.T. 

(science 
process ski I Is) 



tawson L.T. 

(fomal 
reasoning) 



T.I.P.S. I! 



(0.89)- 



G. A.l T. 



0.6? 



(0.8$)=^ 



P.S. .,. T. 



0.62 



0.50 



(0.72)A 



Lcjw^on t . T , 



0.65 



0.52 



(0.68)« 



Alph., .Hiat ilitics from Padilla and Okey (I983), Roadrangka, Yeany and Padllla (I983). Burns (1972) 
and Uuvsan and Sn.tgen (I982) for the T.I.P.S. M. G.A.L.T., P.S.S.T.. and Lawson L.T.. respectively. 
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1 filer cor to 


I.I lions Among the TM'S and CALT Subscale& 








« t 




1 nti-qr »tcd 


Sciencf Processing (TIPS) 


Formal Reasoning (GALT) 


1 

idfnt i t V 
var i ahl 


*» 

i 

fl .pot fU'SfS 


3 ^ 5 
Oprftitiim- Debiqn an Graph and 
»«Hv experiment interpret 
di'fitniiQ data 

— — - - 


6 

Proportional 


7 

Control- 
vdr iables 


8 

V 

Probabil istic 
reason i ng 


Q 

Correldlional 
reason! ng 


10 

Combinational 
• 

reasoning 


1 1 .00 




M M M 








.25 


• hO 


2 




.56 .52 .57 




.50 




7Q 


III 


% 
J 




1.00 .1*9 .S** 


.'lO 








Lt 


ii 




1.00 Ml 


.30 


.39 


.37 




^2 


s 




1 .00 




.'*6 


.55 


.26 




6 






1 .00 


.52 


.55 


M 


M 


7 








1.00 




• 25 


M 


8 










1 .00 


.31 


M 


9 
10 












1 .00 


.27 
1 .00 



Table 5: Factor Loadings for the TIPS and GALT Subscale* 



Subscale Factor 1 Factor 2 

1 .7h .23 

2 .73 .33 
TIPS 3 .72 .26 

k .81 .06 

5 .70 .32 

6 .33 .75 

7 .55 .'»7 
GALT 8 .^2 .62 

9 -.01 .79 

10 M .1*3 



"^Eigenvalues for Factors I and 2 were 4,85 and 1.05. accounting for kB.S 
and 10.5 percent of the total variance, respectively. 
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